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(57)  Arotary press device (33) includes a restriction
section (36) configured to restrict a motion of a roll (30)
around a central axis of a roll (30) against movement of
the roll (30) around a central axis of a hub main body (8)
during rotary forging. In an example, the restriction sec-
tion (36) has guide teeth (44) meshed with teeth formed
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Description
[Technical Field]

[0001] The present invention relates to a method of manufacturing a bearing unit, and a rotary press device.
[0002] Priority is claimed on Japanese Patent Application No. 2015-039982, filed March 2, 2015, the contents of which
are incorporated herein by reference.

[Background Art]

[0003] Patent Literature 1 discloses a bearing unit having a face spline for power transmission installed on an end
surface of an inner wheel. In the related art, in processing of a face spline, a rotary press device (a rotary pressing
machine, a rotary forging machine) is used.

[Citation List]
[Patent Literature]

[0004] [Patent Literature 1]
Japanese Unexamined Patent Application, First Publication No. 2009-292422

[Summary of Invention]
[Technical Problem]

[0005] An object of the present invention is to provide a method of manufacturing a bearing unit, and a rotary press
device, which are advantageous in improvement of quality.

[Solution to Problem]

[0006] In an aspect of the presentinvention, a roll bearing unit includes a hub main body and an inner wheel. The hub
main body has an inner wheel trajectory close to one side of the axial direction and formed on an outer circumferential
surface of an intermediate section of the hub main body in an axial direction. In addition, the inner wheel has an inner
wheel trajectory on an outer circumferential surface of the inner wheel at the other side of the axial direction and that is
fitted onto a portion of the hub main body close to the other end in the axial direction. The other end surface of the inner
wheel in the axial direction is pressed to support and fix the inner wheel to the hub main body using a caulking section
formed by plastically deforming a cylindrical portion formed on the other end portion of the hub main body in the axial
direction outward in a radial direction. In addition, a hub-side face spline serving as a concavo-convex section in a
circumferential direction is formed on the other end surface of the caulking section in the axial direction. More specifically,
the roll bearing unit further includes an outer wheel having a plurality of rows of outer wheel trajectories on an inner
circumferential surface thereof, and a plurality of rolling elements rollably installed between both of the outer wheel
trajectories and both of the inner wheel trajectories. In the method of manufacturing the roll bearing unit, the hub-side
face spline serving as a concavo-convex section in the circumferential direction is formed by performing rotary forging
that rotates the roll about the central axis of the hub main body in a state in which a processing surface of the roll inclined
with respect to the central axis of the hub main body and rotatably (autorotatably) supported about the central axis
thereof is pressed against the other end surface of the caulking section in the axial direction.

[0007] Inthe method of manufacturing the roll bearing unit, during the rotary forging, the hub-side face spline is formed
on the other end surface of the caulking section in the axial direction in a state in which a motion of the roll around the
central axis of the roll is restricted against movement of the roll around the central axis of the hub main body.

[0008] In an example, the other end surface of the caulking section in the axial direction is surrounded by guide teeth
serving as a concavo-convex section in the circumferential direction, and the guide teeth and some of teeth formed on
the processing surface of the roll (for example, an outer half section in the radial direction) can be meshed with each other.
[0009] In an example, the guide teeth can be displaceably supported in the axial direction in a state in which an elastic
force is applied toward the other side in the axial direction.

[0010] In addition, a motion of the roll around the central axis of the roll can be restricted against movement of the roll
around the central axis of the hub main body during the rotary forging by engagement between a tip portion of a pin
formed on a portion that is not rotated in the radial direction even during the rotary forging and an engaging concave
section formed in an outer circumferential surface of the roll.
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[0011] In addition, an elastic member such as a coil spring or the like is installed between a support arm section
supported at a portion that is not rotated even during the rotary forging and one place on the outer circumferential surface
oftherollin the circumferential direction, and one place on the outer circumferential surface of the roll in the circumferential
direction is elastically pulled toward the support arm section regardless of a rotational position of the roll about the central
axis of the hub main body. Accordingly, a motion of the roll around the central axis of the roll can be restricted against
movement of the roll around the central axis of the hub main body during the rotary forging.

[0012] In another aspect of the present invention, a rotary press device includes a roll rotatably supported about a
central axis thereof inclined with respect to a central axis of the hub main body. The rotary press device further includes
a restriction section configured to restrict a motion of the roll around the central axis of the roll against movement of the
roll around the central axis of the hub main body during the rotary forging.

[0013] In an example, the restriction section may include guide teeth serving as a concavo-convex section in the
circumferential direction surrounding the other end surface of the caulking section in the axial direction. The guide teeth
are meshed with teeth formed on the processing surface of the roll (for example, an outer half section in the radial
direction). The guide teeth can be displaceably supported in the axial direction in a state in which an elastic force is
applied toward the other side in the axial direction.

[0014] In addition, the restriction section may include an engaging pin formed on a portion that is not rotated even
during the rotary forging in the radial direction of the hub main body and an engaging concave section formed in an outer
circumferential surface of the roll. During the rotary forging, the engaging pin and the engaging concave section are
engaged with each other on at least one position in the rotation direction of the roll about the central axis of the hub main
body without rattling in the rotation direction.

[0015] In addition, the restriction section may include a support arm section supported at a portion that is not rotated
even during the rotary forging and an elastic member installed between the support arm section and one position on the
outer circumferential surface of the roll in the circumferential direction. The elastic member elastically pulls one place
on the outer circumferential surface of the roll in the circumferential direction toward the support arm section during the
rotary forging regardless of a rotational position of the roll about the central axis of the hub main body.

[0016] In another aspect of the present invention, a method of manufacturing a bearing unit includes setting a bearing
unit to a holder such that a central axis of an inner wheel coincides with a first axis; relatively pressing a roll with respect
to the inner wheel in a state in which a central axis of the roll having teeth for processing a face spline is inclined with
respect to the first axis; and performing relative movement between the bearing unit and the roll in a state in which
movement of the teeth around the first axis is restricted in parallel with the relative pressing.

[0017] In another aspect of the present invention, the rotary press device includes a holder that holds a bearing unit
such that a central axis of an inner wheel coincides with a first axis; a roll having teeth for processing a face spline; a
first driving apparatus that performs relatively pressing the roll with respect to the inner wheel in a state in which a central
axis of the roll is inclined with respect to the first axis; a second driving apparatus that performs relative movement
between the bearing unit and the roll in parallel with the relative pressing; and a restriction section that restricts movement
of the teeth around the first axis.

[Advantageous Effects of Invention]

[0018] According to the aspect of the present invention, it is possible to provide a method of manufacturing a bearing
unit, and a rotary press device, which are advantageous in improvement of quality.

[Brief Description of Drawings]
[0019]

Fig. 1 is a perspective view showing a first example of an embodiment of the present invention.

Fig. 2 is a cross-sectional view taken along line a-a of Fig. 1.

Fig. 3 is an enlarged view of a portion b of Fig. 2.

Fig. 4 is a view for describing movement of a roll during rotary forging.

Fig. 5 is a view showing a second example of the embodiment of the present invention, corresponding to Fig. 2.
Fig. 6 is a view showing a state of an engaging concave section.

Fig. 7 is a view showing movement of a roll during rotary forging.

Fig. 8 is a cross-sectional view for describing dimensional relations of respective parts.

Fig. 9 is a view showing a trajectory depicted by arbitrary points P on a processing surface of the roll.

Fig. 10 is a view showing a third example of the embodiment of the present invention, corresponding to Fig. 2.
Fig. 11 is a cross-sectional view showing an example of a wheel drive bearing unit in which a wheel support bearing
unit serving as a kind of a roll bearing, which is a target of the present invention, is incorporated.
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Fig. 12 is a cross-sectional view showing an example of a method of manufacturing a bearing unit for driving a wheel
of the related art.

Fig. 13 is a partially enlarged perspective view for describing problems of a method of manufacturing a roll bearing
unit of the related art.

[Description of Embodiments]

[0020] Fig. 11 is a view showing a wheel drive bearing unit disclosed in Patent Literature 1. The unit is a kind of a
bearing unit serving as a target of the present invention, and has a structure in which a roll bearing unit configured to
support a wheel is incorporated. As shown in Fig. 11, the wheel drive bearing unit is formed by assembling a roll bearing
unit 1 and an outer wheel 2 for a constant velocity joint. The roll bearing unit 1 includes an outer wheel 3, a hub 4, and
a plurality of rolling elements (in the example shown, balls) 5 and 5.

[0021] The outer wheel 3 has a flange 6 formed on an outer circumferential surface at a standstill side, and a plurality
of rows of outer wheel trajectories 7a and 7b formed in an inner circumferential surface. In addition, the hub 4 is formed
by assembling a hub main body 8 and an inner wheel 9. The hub main body 8 has a flange 10 formed on the side rotating
on a part of the outer circumferential surface close to one end in an axial direction. In addition, an inner wheel trajectory
11a close to one side of the axial direction is formed in an intermediate section of the hub main body 8 in the axial
direction. In addition, a small diameter step section 12 is formed in the other end portion of the hub main body 8 in the
axial direction. In addition, the hub main body 8 has a center hole 13 formed in a central section thereof.

[0022] Further, "an axial direction," "a radial direction" and "a circumferential direction" respectively refer to directions
related to the hub main body unless it is specifically noted. In addition, "one side" in the axial direction represents an
outer side in a widthwise direction of a vehicle in a state in which a bearing unit is attached to an automobile, and it
represents a left side of Fig. 11 and a lower side of Figs. 2, 5, 8 and 10. In addition, conversely, a right side of Fig. 11
and an upper side of Figs. 2, 5, 8 and 10 that are central sides of a vehicle in a state in which a wheel drive bearing unit
is assembled in an automobile are referred to as "the other side" in the axial direction. A small diameter section 14
through which a rod section 16 of a bolt 15 serving as a coupling member can be inserted via a predetermined guide
gap is provided at one end portion of the center hole 13 in the axial direction. In addition, the inner wheel 9 has an inner
wheel trajectory 11b formed on an outer circumferential surface in the axial direction at the other side, and is fitted onto
the small diameter step section 12 of the hub main body 8 with an interference fit. In addition, the rolling elements 5 and
5 are installed between both of the outer wheel trajectories 7a and 7b and both of the inner wheel trajectories 11a and
11b such that the plurality of rolling elements 5 and 5 are rollable at each row of both. In addition, in this state, in a
cylindrical portion 19 formed in the other end portion of the hub main body 8 in the axial direction, a caulking section 20
is formed by plastically deforming a portion of the inner wheel 9 protruding from the other end opening in the axial
direction outward in the radial direction. As the other end surface of the inner wheel 9 in the axial direction is pressed
down by the caulking section 20, an appropriate preload is applied to the rolling elements 5 and 5. In addition, a face
spline 21 formed on the side of a hub and serving as a concavo-convex section in the circumferential direction is formed
on the other end surface of the caulking section 20 in the axial direction throughout the circumference. Further, in the
case of the example shown, a tooth tip surface of the face spline 21 formed on the side of the hub is a plane perpendicular
to a central axis of the hub main body 8.

[0023] In addition, the outer wheel 2 for a constant velocity joint has a cup-shaped mouth section 22, an end wall
section 23 serving as a bottom section of the mouth section 22, and a cylindrical shaft section 24 extending from a
central section of the end wall section 23 toward one side in the axial direction. In addition, a center hole of the shaft
section 24 forms a screw hole 25. In addition, a joint-side face spline 26 serving as a concavo-convex section in the
circumferential direction is formed on a portion close to an outer circumference of one end surface of the end wall section
23 in the axial direction throughout the circumference. Further, in the case of the example shown, a tooth tip surface of
the face spline 26 formed on the side of the joint is a plane perpendicular to a central axis of the outer wheel 2 for a
constant velocity joint. In addition, the number of teeth of the face spline 26 formed on the side of the joint is the same
as the number of teeth of the face spline 21 formed on the side of the hub.

[0024] In a state in which central axes of the hub main body 8 and the outer wheel 2 for a constant velocity joint
coincide with each other, as the face splines 21 and 26 are meshed with each other, transmission of a rotational force
between the hub main body 8 and the outer wheel 2 for a constant velocity joint are achieved. In addition, in this state,
the rod section 16 of the bolt 15 is inserted through the small diameter section 14 of the center hole 13 of the hub main
body 8 from one side in the axial direction, and a male screw section 17 formed on a tip portion of the rod section 16 is
screwed into the screw hole 25 to be further fastened. Accordingly, in a state in which the hub main body 8 is sandwiched
between a head section 18 of the bolt 15 and the outer wheel 2 for a constant velocity joint, the hub main body 8 and
the outer wheel 2 for a constant velocity joint are coupled and fixed to each other.

[0025] When the wheel drive bearing unit configured as described above is assembled in a vehicle, the flange 6 of
the outer wheel 3 is coupled and fixed to a suspension system and a rotary member for a brake such as a wheel (a drive
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wheel), a disk, and so on, is supported by and fixed to the flange 10 of the hub main body 8. In addition, a tip portion of
a drive shaft (not shown) rotated and driven by an engine via a transmission is spline-engaged with the inside of an
inner wheel 27 for a constant velocity joint installed inside the outer wheel 2 for a constant velocity joint. During travel
of an automobile, rotation of the inner wheel 27 for a constant velocity joint is transmitted to the outer wheel 2 for a
constant velocity joint and the hub main body 8 via a plurality of balls 28 to rotate and drive the wheel.

[0026] When the wheel support roll bearing unit 1 that constitutes the wheel drive bearing unit configured as described
above is assembled, first, the outer wheel 3 is disposed around the hub main body 8, and the rolling elements 5 and 5
are held by a holder 29b installed at the other side in the axial direction between the outer wheel trajectory 7a at one
side in the axial direction among both of the outer wheel trajectories 7a and 7b and the inner wheel trajectory 11a at
one side in the axial direction. Next, the rolling elements 5 and 5 are held by a holder 29b installed at the other side in
the axial direction at the surrounding of the inner wheel trajectory 11b of the other side in the axial direction formed on
the outer circumferential surface of the inner wheel 9. In this state, the inner wheel 9 is fitted onto the small diameter
step section 12 formed in the other end portion of the hub main body 8 in the axial direction with an interference fit.
According to the fitting work, rolling surfaces of the rolling elements 5 and 5 (of a row of the other side in the axial
direction) held by the holder 29b of the other side in the axial direction abut the outer wheel trajectory 7b of the other
side in the axial direction formed on an inner circumferential surface of a portion close to the other end of the outer wheel
3 in the axial direction. Next, the cylindrical portion 19 formed on the other end portion of the hub main body 8 in the
axial direction is plastically deformed outward in the radial direction to form the caulking section 20. As the other end
surface of the inner wheel 9 in the axial direction is pressed down by the caulking section 20 in the axial direction, the
inner wheel 9 is fixed to the hub main body 8.

[0027] Further, as shown in Fig. 12, as rotary forging is performed on the other end surface of the caulking section 20
in the axial direction using a roll 30 having a central axis B inclined with respect to a central axis (a central axis of the
roll bearing unit 1) o of the hub main body 8 by a predetermined angle 6, the face spline 21 installed on the side of the
hub is formed. That is, a plurality of teeth are formed on a processing surface 31 serving as a tip surface (a lower end
surface of Fig. 12) of the roll 30 at equal intervals in the circumferential direction. In a state in which the processing
surface 31 of the roll 30 is pressed against the other end surface of the caulking section 20 in the axial direction, the roll
30 is rotated about the central axis o of the hub main body 8. Here, the roll 30 is supported rotatably about the central
axis B thereof. Accordingly, in a state before the face spline 21 (i.e., a concavo-convex section in the circumferential
direction) is formed on the other end surface of the caulking section 20 in the axial direction, when the roll 30 is rotated
about the central axis o of the hub main body 8, the roll 30 is rotated (autorotated) about the central axis B thereof on
the basis of frictional engagement between a tooth tip of a tooth of the processing surface 31 and the other end surface
of the caulking section 20 in the axial direction. Meanwhile, when the roll 30 is rotated about the central axis a of the
hub main body 8 after the face spline 21 is formed to a certain extent (a tooth depth of the face spline 21 is increased
to a certain level), the roll 30 is autorotated on the basis of engagement (meshing) between the teeth formed on the
processing surface 31 and the hub-side face spline 21. Then, a depth of the concave section that constitutes the face
spline 21 is further increased, and processing is completed.

[0028] Inthe case of the above-mentioned method of manufacturing the roll bearing unit 1, sliding in the circumferential
direction may occur in an engaging section (a frictional engagement section or a meshing section) between the processing
surface 31 and the other end surface of the caulking section 20 in the axial direction during rotary forging. The sliding
in the circumferential direction is likely to occur in a state before the face spline 21 formed on the other end surface of
the caulking section 20 in the axial direction on the side of the hub is formed to a certain extent. If the sliding in the
circumferential direction occurs, whenever the roll 30 is rotated about the central axis o of the hub main body 8, a portion
of the other end surface of the caulking section 20 in the axial direction pressed by the teeth formed on the processing
surface 31 moves (deviates) in the circumferential direction. Then, when the portion of the other end surface of the
caulking section 20 in the axial direction that becomes the tooth tip of the face spline 21 is pressed, depths of the stripes
32 and 32 are increased by radially forming one or a plurality of stripes (micro concave grooves) 32 and 32 and repeatedly
pressing the portion as shown in Fig. 13. When the stripes 32 and 32 are present, a portion of the other end surface of
the caulking section 20 in the axial direction is likely to be damaged (exfoliated). When the other end surface of the
caulking section 20 in the axial direction is damaged, a meshed state between the face splines 21 and 26 deteriorates,
generated metal powder intrudes into an internal space of the wheel support roll bearing unit 1, and a lifespan of the
wheel support roll bearing unit 1 may be decreased.

[0029] The following embodiment is on the basis of new knowledge that radial stripes are formed on the tooth tip of
the face spline by the sliding in the circumferential direction during rotary forging.

[First example of embodiment]

[0030] Figs. 1to 3 show a first example of the embodiment of the present invention. According to the aspect of the
present invention, when the face spline 21 is formed on the side of the hub by performing rotary forging on the other
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end surface of the caulking section 20 in the axial direction, the radial stripes 32 and 32 (see Fig. 13) can be prevented
from being formed on the tooth tip of the face spline 21. Since sequences or the like of manufacturing members that
constitute the wheel support roll bearing unit 1 by performing plastic working such as forging or the like, cutting such as
lathe turning or the like, and finishing such as polishing or the like, on a metal material, are the same as in the method
of manufacturing the roll bearing unit, description thereof will be omitted.

[0031] In the case of the example, like the above-mentioned manufacturing method, the outer wheel 3 is disposed
around the hub main body 8 and the plurality of rolling elements 5 and 5 are held by the holder 29a (see Fig. 11) installed
at one side in the axial direction between the outer wheel trajectory 7a of one side in the axial direction and the inner
wheel trajectory 11a of one side in the axial direction. Next, the rolling elements 5 and 5 are held by the holder 29b
installed at the other side in the axial direction around the inner wheel trajectory 11b of the other side in the axial direction
formed on the outer circumferential surface of the inner wheel 9. In this state, the inner wheel 9 is fitted onto the small
diameter step section 12 formed on the other end portion of the hub main body 8 in the axial direction with an interference
fit. According to the fitting work, the rolling surfaces of the rolling elements 5 and 5 arranged in a row at the other side
in the axial direction are made to abut the outer wheel trajectory 7b of the other side in the axial direction formed on the
inner circumferential surface of the portion of the outer wheel 3 close to the other end in the axial direction. Next, the
cylindrical portion 19 formed on the other end portion of the hub main body 8 in the axial direction is plastically deformed
outward in the radial direction to form the caulking section 20. The other end surface of the inner wheel 9 in the axial
direction is pressed down by the caulking section 20 in the axial direction, and the inner wheel 9 is fixed to the hub main
body 8. Further, rotary forging is performed on the other end surface of the caulking section 20 in the axial direction to
form the face spline 21.

[0032] Rotary forging for forming the face spline 21 is performed using a rotary press device 33 as shown in Figs. 1
to 3. The rotary press device 33 includes a base 34, a holder 35 supported by and fixed to a surface of the other side
(an upper surface of Fig. 2) of the base 34 in the axial direction, the roll 30, a restriction section 36, a first driving apparatus
71, a second driving apparatus 72 and a controller 73. The holder 35 has a concave holding section 38 formed in the
surface of the other side in the axial direction and into which a cylindrical portion 37 formed on one end portion of the
hub main body 8 in the axial direction and referred to as a pilot section can be inserted without rattling. The bearing unit
8 is set on the holder 35 such that the central axis o of the hub main body (the inner wheel) 8 coincides with the central
axis (the first axis) of the holder. The roll 30 is supported rotatably about the central axis (the second axis)  thereof
inclined with respect to the central axis (the first axis) o of the hub main body 8 by the predetermined angle 6. The
plurality of teeth 31a (teeth for processing a face spline) are formed on the processing surface 31 serving as the tip
surface (the lower end surface of Figs. 2 and 3) at equal intervals in the circumferential direction. In the case of the
example, the number of teeth formed on the processing surface 31 is equal to the number of teeth of the face spline 21
which are to be formed on the other end surface of the caulking section 20 in the axial direction. The first driving apparatus
71 is configured to drive the roll 30 such that the roll 30 is relatively pressed with respect to the hub main body (the inner
wheel) 8 in a state in which the central axis B of the roll 30 is inclined with respect to the first axis o. The second driving
apparatus 72 is configured to perform relative movement between the hub main body 8 and the roll 30 such as movement
of the roll 30 around the central axis o in parallel with the relative pressing. The controller 73 has a circuit and is configured
to generally control the entire rotary press device 33.

[0033] The restriction section 36 is configured to restrict movement of the processing surface 31 (the teeth 31a) of the
roll 30 around the first axis o during rotary forging. In an example, the restriction section 36 is configured to restrict
motion of the roll 30 (for example, motion of the roll 30 around the central axis of the roll 30) against movement of the
roll 30 around the central axis (the first axis) a of the hub main body 8. The second driving apparatus 72 is configured
to perform relative movement between the hub main body 8 and the roll 30 such as movement of the roll 30 around the
central axis a, or the like. Additionally and/or alternatively, the restriction section 36 is configured to force (cause) rotation
(autorotation) of the roll 30 about the central axis 3 thereof according to rotation of the roll 30 about the central axis o
of the hub main body 8. Additionally and/or alternatively, the restriction section 36 is configured to restrict rotation of the
roll 30 about the central axis (the second central axis) B of the roll 30. In the case of the example, the restriction section
36 is disposed above the holder 35 to face the teeth 31a of the roll 30 and has guide teeth (restriction members) 44
having grooves corresponding to the teeth 31a. The restriction section 36 is installed between afloating plate 39 disposed
around the caulking section 20 and the roll 30. The floating plate 39 has a circular hole 40 formed in a central section
thereof and through which the other half section of the roll bearing unit 1 in the axial direction is inserted. In addition, a
pair of through-holes 41 and 41 passing through the floating plate 39 in the thickness direction (the axial direction) are
formed in the floating plate 39. Guide posts 42 and 42 implanted at the other side in the axial direction from the other
side surface of the base 34 in the axial direction are engaged with (inserted through) the pair of through-holes 41 and
41 without rattling in a state in which a displacement in the thickness direction (the axial direction) of the floating plate
39 is allowable. In this state, an elastic force toward the other side in the axial direction is applied to the floating plate
39 by a mechanical cushion mechanism such as a spring or the like, hydraulic, gas pressure, or pneumatic cushion
mechanisms 43 and 43, or the like, installed between the floating plate 39 and the holder 35 (the base 34). That is, the
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floating plate 39 is supported displaceably in the axial direction as in displacement to one side in the axial direction when
a large force is applied to one side in the axial direction with respect to the base 34. Further, the guide teeth 44 that can
be meshed with a half section of the teeth formed on the processing surface 31 on the side of the outer diameter are
formed on the other side surface of the floating plate 39 in the axial direction around the circular hole 40. Further, the
number of guide teeth 44 is equal to the number of teeth formed on the processing surface 33.

[0034] When the rotary forging is performed using such rotary press device 33, first, in a state in which the cylindrical
portion 37 of the hub main body 8 is inserted into the concave holding section 38 of the holder 35 without rattling, the
roll bearing unit 1 is held by the holder 35 without rattling. Then, in a state in which the half section of the teeth formed
on the processing surface 31 of the roll 30 on the side of the outer diameter is meshed with the guide teeth 44 formed
on the floating plate 39 and the half section of the processing surface 31 (the tooth tip of the tooth formed on the processing
surface 31) on the side of the inner diameter is pressed against the other end surface of the caulking section 20 in the
axial direction, the roll 30 is rotated about the central axis o of the hub main body 8. The rotary press device 33 supports
the roll 30 rotatably about the central axis B thereof. For this reason, as the roll 30 is rotated about the central axis a,
the roll 30 is rotated (autorotated) about the central axis  in a direction opposite to the rotation direction of the roll 30
about the central axis o on the basis of the meshing between the half section of the teeth formed on the processing
surface 31 on the side of the outer diameter and the guide teeth 44.

[0035] In the example shown in Fig. 4, the roll 30 is rotated relatively reversely about the central axis thereof with
respect to a spindle shaft 61 serving as a shaft that revolves the roll 30. A point A in the spindle shaft 61 moves according
to rotation of the spindle shaft 61. Meanwhile, a point C in the hub main body 8 is always disposed at the same place
without movement. A point B in the roll 30 is disposed at substantially the same place as the point C because the point
B is meshed with the point C. When seen from the spindle shaft 61, the roll 30 is rotated in reverse. The second driving
apparatus 72 is not limited to the configuration shown in Fig. 4.

[0036] In the example shown in Fig. 1, since the number of guide teeth 44 is equal to the number of teeth formed on
the processing surface 31, the roll 30 rotates about the central axis § thereof once in a direction opposite to the rotation
direction of the roll 30 about the central axis a. while the roll 30 rotates once about the central axis o. That is, rotation of
the roll 30 about the central axis a is synchronized with rotation about the central axis  thereof. In other words, each
of the teeth formed on the processing surface 31 is meshed with the same tooth among the guide teeth 44 at every
rotation of the roll 30 about the central axis a. Accordingly, each of the teeth of the processing surface 31 abuts the
same position in the circumferential direction of the other end surface in the axial direction of the caulking section 20 at
every rotation of the roll 30 about the central axis a (the same position is pressed).

[0037] Accordingly, the face spline 21 (a concavo-convex section in the circumferential direction) is formed on the
other end surface of the caulking section 20 in the axial direction, and further, a tooth depth of the face spline 21 is
increased. Further, in the case of the example, since the guide teeth 44 are formed on the other side surface of the
floating plate 39 in the axial direction supported displaceably with respect to the base 34 in the axial direction, a tooth
depth of the face spline 21 is increased, the roll 30 is displaced to one side in the axial direction, and thus the guide
teeth 44 are displaced to the one side in the axial direction.

[0038] In the case of the above-mentioned example, the half section of the teeth formed on the processing surface
31 on the side of the outer diameter is meshed with the guide teeth 44. For this reason, during the rotary forging, a
motion of the roll 30 (for example, a motion of the roll 30 around the central axis of the roll 30) is restricted against
movement of the roll 30 around the central axis a of the hub main body 8. That is, movement around the first axis o of
the teeth 31a of the roll 30 is restricted in parallel with relative pressing. In addition, as the roll 30 is rotated about the
central axis a of the hub main body 8, the roll 30 is forcibly rotated about the central axis 8 thereof in a direction opposite
to the rotation direction about the central axis o (autorotation in a direction opposite to the rotation direction about the
central axis o can be caused). In addition, rotation of the roll 30 about the central axis o is synchronized with rotation
about the central axis 3 as described above. Accordingly, even in a state before the face spline 21 is formed on the other
end surface of the caulking section 20 in the axial direction (a tooth depth of the face spline 21) is increased, generation
of sliding in the circumferential direction can be prevented in the engaging section between the processing surface 31
and the other end surface of the caulking section 20 in the axial direction. That is, whenever the roll 30 is rotated about
the central axis o once, a portion of the other end surface of the caulking section 20 in the axial direction pressed by
the teeth formed on the processing surface 31 can be prevented from moving in the circumferential direction. As a result,
it is possible to prevent the radial stripes 32 and 32 from being formed on the tooth tip of the face spline 21. Accordingly,
the other end surface of the caulking section 20 in the axial direction cannot be easily damaged (exfoliated), a meshed
state between the face spline 21 formed on the side of the hub and the face spline 26 (see Fig. 11) formed on the outer
wheel 2 for a constant velocity joint on the side of the joint can be maintained properly over a long period of time, and
a lifespan of the roll bearing unit 1 can be sufficiently secured.
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[Second example of embodiment]

[0039] Figs. 5 to 9 are views showing a second example of the embodiment of the present invention. In the case of a
rotary press device 33a of the example, the number of teeth formed on a processing surface 31 of a roll 30a is equal to
the number of teeth of the face spline 21 that are to be formed on the other end surface of the caulking section 20 in the
axial direction. A restriction section 36a that constitutes the rotary press device 33a of the example is constituted by an
engaging concave section 45 formed in an outer circumferential surface of the roll 30a, and an engaging pin 46 supported
in the radial direction. The engaging pin 46 is supported displaceable toward one side in the axial direction in synchro-
nization with displacement of the roll 30a to one side in the axial direction as a tooth depth of the face spline 21 formed
on the other end surface of the caulking section 20 in the axial direction is increased. The restriction section 36a is
configured to mechanically restrict movement of the processing surface 31 (the teeth 31a) of the roll 30a around the first
axis o according to rotary forging. In the example, the restriction section 36a is configured to restrict a motion of the roll
30a (for example, a motion of the roll 30a around the central axis of the roll 30a) against movement of the roll 30a around
the central axis (the first axis) o of the hub main body 8. Specifically, the engaging pin 46 is supported by a ram (not
shown) that supports the roll 30a via an L-shaped support arm section 51 such that rotation about the central axis o of
the hub main body 8 and rotation about the central axis B thereof is possible. The restriction section 36a has a restriction
member (the support arm section 51, the pin 46) having a first end (a pin 46) connected to an outer circumferential
surface of the roll 30a and a second end (one end of the support arm section 51) connected to a fixing section (the ram).
In the outer circumferential surface of the roll 30a, the engaging concave section 45 with which the pin 46 is engaged
is disposed adjacent to the processing surface 31 (the teeth 31a). Further, the support arm section 51 is not rotated
during rotary forging. In addition, as shown in Fig. 6, the engaging concave section 45 has a narrow width section 47
having a substantially semi-circular shape, and a wide width section 48 having substantially a teardrop shape, which
are continuous with each other. The engaging concave section 45 is formed at an arbitrary place in the rotation direction
of the roll 30a about the central axis o (in a state in which a phase in the rotation direction of the roll 30a about the central
axis a coincides with a phase of the engaging pin 46a in the circumferential direction). The narrow width section 47 of
the engaging concave section 45 and the tip portion of the engaging pin 46 can be engaged with each other in the
rotation direction of the roll 30a about the central axis o (in the circumferential direction of the hub main body 8) without
rattling.

[0040] Here, in the case of the example, the number of teeth formed on the processing surface 31 is equal to the
number of teeth of the face spline 21. Accordingly, provided that sliding in the circumferential direction does not occur
in an engaging section between the processing surface 31 and the other end surface of the caulking section 20 in the
axial direction when rotary forging is performed on the other end surface of the caulking section 20 in the axial direction,
arbitrary points P on the processing surface 31 of the roll 30a draw a closed loop trajectory as shown by (A) — (B) —»
(C) — (D) — (A) of Fig. 7. The trajectory drawn by the points P on the processing surface 31 during the rotary forging
will be described with reference to Fig. 8.

[0041] First, it is assumed that the points P are on an engaging section (a point P, of Fig. 8) with the other end surface
of the caulking section 20 in the axial direction. In an autorotation coordinate system (x4, y4, z¢) in which an original point
is an intersection point between the central axis o and the central axis B, and among an x4 axis, a y, axis and a z, axis
perpendicular to each other, the y, axis coincides with a forward/rearward direction of Fig. 8, and the z, axis coincides
with the central axis f§ of the roll 30a, coordinates Py(x4, y1, z4) of the point Py are represented as the following Equation (1).
[Math. 1]

L cost
Po(x,,y1,21)= 0 -—= (1)
Lsmf-d

[0042] Further, 6 in Equation (1) represents an inclined angle of the central axis B of the roll 30a with respect to the
central axis o of the hub main body 8 (an angle formed between the central axis a and the central axis ). In addition,
d in Equation (1) represents a distance between an intersection point between the central axis o and the central axis
and an intersection point between the central axis  and the other end surface of the caulking section 20 in the axial
direction (a distance of the central axis § in the axial direction). L in Equation (1) represents a distance between the point
P, and an intersection point between the central axis B and the other end surface of the caulking section 20 in the axial
direction (a distance in the radial direction).

[0043] During the rotary forging, the roll 30a rotates (autorotates) about the central axis B (the z; axis) thereof. Coor-
dinates P, (x4, ¥4, Z4) in the autorotation coordinate system of a point P, at which the point Py is rotated about the z,
axis by an angle A are represented as the following Equation (2).
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[Math. 2]

cosA —sind O Lcos@ L cosAcos@
P,(x,,y,.z,)=|sind cosi 0 0 =| Lsindcosd | ——— (2)
0 0 1| Lsin@—-d Lsin@-d

[0044] When coordinates PA(x4, Y4, Z4) in the autorotation coordinate system of the point P, are represented in
(converted into) the rotation coordinate system (x, y, z) in which an original point is set as an intersection point between
the central axis o and the central axis 8, and among an x axis, a y axis and a z axis perpendicular to each other, the y
axis is set to coincide with a forward/rearward direction of Fig. 8, and the z axis is set to coincide with the central axis o
of the hub main body 8, they are as shown in the following Equation (3).

[Math. 3]

cosd@ 0 sin@ | LcosAcosd LcosAcos’0 + Lsin’@ —d sinf
P(x,yz)=| 0 I 0 | Lsindcos@ |= LsinA cosd
|_— siné 0 cosBJL Lsinf@ —-d J l_—Lcosﬂ cos@sind + L sind cos@—dcos@J

—=—=(3)

[0045] Here, the right side of Equation (3) is substituted with (X, Y, Z).

[0046] Meanwhile, during the rotary forging, the roll 30a rotates about the central axis o of the hub main body 8. A
rotation angle of the roll 30a about the central axis a (the z axis) when the roll 30a is rotated about the central axis
(the z4 axis) thereof by an angle A is assumed to be ¢ Coordinates Pg(x, y, z) in the rotation coordinate system of a point
Pg at which the point P, is rotated about the z axis by an angle ¢ are represented as the following Equation (4).
[Math. 4]

cosg —sing Of X Xcosg—Ysing
P,(x,y,z)=|sing cosg OfY|=|Xsing+Ycosg| ——— (4)
0 0 Y4 z

[0047] Here, provided that sliding in the circumferential direction is not generated in the engaging section between
the processing surface 31 and the other end surface of the caulking section 20 in the axial direction, a relation between
a rotation angle ¢ of the roll 30a about the central axis o of the hub main body 8 and a rotation angle A of the roll 30a
about the central axis  thereof is represented as the following Equation (5).

[Math. 5]

=Lcos6’./1
R

—— = (5)

~¢

[0048] Further, R of Equation (5) represents a distance between the point Py and the central axis o (a distance in the
radial direction).

[0049] When Equation (5) is substituted into Equation (4) and a rotation angle ¢ of the roll 30a about the central axis
o is varied from 0 to 360 degrees, during the rotary forging, a trajectory drawn by points P on the processing surface 31
of the roll 30a can be obtained. Specifically, a trajectory T drawn by the points P on a y-z plane (seen from a direction
of the x axis) is, for example, a reverse teardrop shape as shown in Fig. 9. Further, in the case of the example of Fig.
9, the distance R is 21.31 [mm], the distance L is 21.39 [mm], the distance d is 0.93 [mm], and the inclined angle 6 is 5
degrees.

[0050] In this way, according to rotation about the central axis o, the points P on the processing surface 31 of the roll
30a draw the trajectory T having a reverse teardrop shape. For this reason, according to the above-mentioned shape
of the engaging concave section 45, the engaging concave section 45 and the tip portion of the engaging pin 46 can be
engaged with each other in the circumferential direction of the hub main body 8 at an arbitrary place in the rotation
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direction of the roll 30a about the central axis o without rattling.

[0051] When rotary forging is performed on the other end surface of the caulking section 20 in the axial direction using
the rotary press device 33a, first, the engaging pin 46 is engaged with the narrow width section 47 of the engaging
concave section 45 in the circumferential direction of the hub main body 8 without rattling. In this case, the processing
surface 31 of the roll 30a is pressed against the other end surface of the caulking section 20 in the axial direction, and
the roll 30a is rotated about the central axis o of the hub main body 8. Then, engagement between the engaging pin 46
and the narrow width section 47 is released. Here, an inner side surface of the narrow width section 47 (a rear side
surface of the roll 30a in the rotation direction about the central axis o) is pressed by the engaging pin 46. Accordingly,
during rotary forging, movement of the processing surface 31 (the teeth 31a) of the roll 30a around the first axis a is
mechanically restricted by the restriction section 36a. A motion of the roll 30a (for example, a motion of the roll 30a
around the central axis of the roll 30a) is restricted by the restriction section 36a against movement of the roll 30a around
the central axis (the first axis) o of the hub main body 8. That is, movement of the roll 30a around the first axis o of the
teeth 31a is restricted in parallel with relative pressing. In addition, the roll 30a is forcibly rotated about the central axis
B thereof in a direction opposite to the rotation direction about the central axis a.. Accordingly, even in a state before the
face spline 21 is formed on the other end surface of the caulking section 20 in the axial direction (a tooth depth of the
face spline 21 is increased), generation of sliding in the circumferential direction in the engaging section between the
processing surface 31 and the other end surface of the caulking section 20 in the axial direction can be prevented.
[0052] Further, in the case of the example, while the restriction section 36a is formed at an arbitrary place in the
circumferential direction, the restriction section 36a may be formed a plurality of arbitrary places in the circumferential
direction. When the restriction section 36a is formed at the plurality of arbitrary places in the circumferential direction,
the roll 30a can be more reliably autorotated. In addition, in the case of the example, the entire engaging concave section
45 including the wide width section 48 is formed along the trajectory T. However, as the roll 30a is rotated about the
central axis o from a state in which the tip portion of the engaging pin 46 and the narrow width section 47 are engaged
with each other in the circumferential direction without rattling, the roll 30a is inclined in a direction in which the roll 30a
is separated from the engaging pin 46. As a result, engagement between the engaging pin 46 and the engaging concave
section 45 is released. Accordingly, the shape of the wide width section 48 in the engaging concave section 45 need
not necessarily be shaped along the trajectory T as long as the shape does not interfere with autorotation of the roll 30a.
Further, as a relation between a length of the engaging pin 46 and a depth of the engaging concave section 45 is
restricted, it is possible to prevent engagement between the engaging pin 46 and the engaging concave section 45 from
being released during rotation of the roll 30a about the central axis a. In addition, as the engaging concave section is
formed as a closed loop concave groove along the trajectory T and a length of the engaging pin is sufficiently secured,
the engaging pin and the engaging concave section can be engaged with each other in the circumferential direction
throughout the rotation direction of the roll about the central axis of the hub main body without rattling. Configurations
and actions of the other portions are the same as in the first example of the embodiment.

[Third example of embodiment]

[0053] Fig. 10 shows a third example of the embodiment of the present invention. In a rotary press device 33b of the
example, an L-shaped support arm section 49 is supported by and fixed to the other side surface in the axial direction
of a ram (not shown) that supports a roll 30b such that rotation about a central axis o of the hub main body 8 and rotation
about a central axis  thereof is possible. A restriction section 36b is constituted by installing an elastic member 50 such
as a coil spring or the like between a tip portion of the support arm section 49 (an inner end portion of the hub main body
8 in the radial direction) and an arbitrary position on an outer circumferential surface of the roll 30b in the circumferential
direction. The restriction section 36b has a restriction member (the elastic member 50, the support arm section 49)
having a first end (one end of the elastic member 50) continuous with the outer circumferential surface of the roll 30b
and a second end (one end of the support arm section 49) continuous with the fixing section (the ram). In the outer
circumferential surface of the roll 30b, a connecting place of the elastic member 50 is disposed adjacent to the processing
surface 31 (the teeth 31a). Further, the support arm section 49 is not rotated during rotary forging. Accordingly, an
arbitrary place on the outer circumferential surface of the roll 30b in the circumferential direction is elastically pulled
toward the tip portion of the support arm section 49 about the central axis o regardless of a rotational position of the roll
30b. For this reason, during rotary forging, movement of the processing surface 31 (the teeth 31a) of the roll 30b around
the first axis o is mechanically restricted by the restriction section 36b. A motion of the roll 30b (for example, a motion
of the roll 30b around the central axis of the roll 30b) is restricted by the restriction section 36b against movement of the
roll 30b around the central axis (the first axis) o of the hub main body 8. That is, movement of the roll 30b around the
first axis o of the teeth 31a is restricted in parallel with relative pressing. In addition, when the roll 30b is rotated about
the central axis o, rotation (autorotation) of the roll 30b about the central axis B thereof is caused (forced) in a direction
opposite to the rotation direction about the central axis a.. Accordingly, during rotary forging, generation of sliding in the
circumferential direction in the engaging section between the processing surface 31 of the roll 30b and the other end
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surface of the caulking section 20 in the axial direction can be prevented. Further, the restriction section 36b may be
formed at a plurality of places in the circumferential direction of the hub main body 8. Configurations and actions of the
other portions are the same as in the first example of the above-mentioned embodiments.

[Industrial Applicability]

[0054] When the presentinvention is performed, the structure of the restriction section that constitutes the rotary press
device is not limited to the structure of each example of the above-mentioned embodiments. The bearing is not limited
to the roll bearing. The bearing unit is not limited to the hub unit.

[Reference Signs List]
[0055]

1 Wheel support bearing unit

2 Outer wheel for constant velocity joint
3 Outer wheel

4 Hub

5 Rolling element

6 Standstill-side flange

7a, 7b Outer wheel trajectory

8 Hub main body

9 Inner wheel

10 Rotation-side flange

11a, 11b Inner wheel trajectory
12 Small diameter step section
13 Center hole

14 Small diameter section

15 Bolt

16 Rod section

17 Male screw section

18 Head section

19 Cylindrical portion

20 Caulking section

21 Hub-side face spline

22 Mouth section

23 End wall section

24 Shaft section

25 Screw hole

26 Joint-side face spline

27 Inner wheel for constant velocity joint
28 Ball

29a, 29b Holder

30, 30a, 30b Roll

31 Processing surface

31a Tooth

32 Stripe

33, 33a, 33b Rotary press device
34 Base

35 Holder

36, 36a, 36b Restriction section
37 Cylindrical portion

38 Concave holding section

39 Floating plate

40 Circular hole

41 Through-hole

42 Guide post

43 Cushion mechanism

1"
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44 Guide tooth

45 Engaging concave section
46 Engaging pin

47 Narrow width section

48 Wide width section

49 Support arm section

50 Elastic member

51 Support arm section

71 First driving apparatus

72 Second driving apparatus
73 Controller

Claims

A method of manufacturing a roll bearing unit comprising a hub main body having an inner wheel trajectory close
to one side of the axial direction and formed on an outer circumferential surface of an intermediate section of the
hub main body in an axial direction, and an inner wheel having an inner wheel trajectory on an outer circumferential
surface of the inner wheel at the other side of the axial direction and that is fitted onto a portion of the hub main
body close to the other end in the axial direction,

the method of manufacturing the roll bearing unit comprising:

forming a hub-side face spline on the other end surface of a caulking section in the axial direction by performing
rotary forging that rotates a roll about a central axis of the hub main body in a state in which a processing surface
of the roll inclined with respect to the central axis of the hub main body and rotatably supported about the central
axis thereof is pressed against the other end surface of the caulking section in the axial direction, in order to
make a roll bearing unit having the hub-side face spline serving as a concavo-convex section in a circumferential
direction on the other end surface of the caulking section in the axial direction by pressing the other end surface
of the inner wheel in the axial direction and fixing the inner wheel to the hub main body by using the caulking
section formed by plastically deforming a cylindrical portion formed on the other end portion of the hub main
body in the axial direction outward in a radial direction,

wherein, during the rotary forging, the hub-side face spline is formed on the other end surface of the caulking
section in the axial direction in a state in which a motion of the roll around the central axis of the roll is restricted
against movement of the roll around the central axis of the hub main body.

The method of manufacturing the roll bearing unit according to claim 1,

wherein a motion of the roll around the central axis of the roll is restricted against movement of the roll around the
central axis of the hub main body during the rotary forging by surrounding the other end surface of the caulking
section in the axial direction with guide teeth serving as a concavo-convex section in the circumferential direction
and by meshing the guide teeth and some of teeth formed on the processing surface of the roll.

The method of manufacturing the roll bearing unit according to claim 2,
wherein the guide teeth are displaceably supported in the axial direction in a state in which an elastic force is applied
toward the other side in the axial direction.

The method of manufacturing the roll bearing unit according to claim 1,

wherein a motion of the roll around the central axis of the roll is restricted against movement of the roll around the
central axis of the hub main body during the rotary forging by engagement between a tip portion of an engaging pin
formed in the radial direction and formed on a portion that is not rotated even during the rotary forging and an
engaging concave section formed on an outer circumferential surface of the roll.

The method of manufacturing the roll bearing unit according to claim 1,

wherein a motion of the roll around the central axis of the roll is restricted against movement of the roll around the
central axis of the hub main body during the rotary forging by installing an elastic member between a support arm
section supported at a portion that is not rotated even during the rotary forging and one place on the outer circum-
ferential surface of the roll in the circumferential direction, and by elastically pulling the one place on the outer
circumferential surface of the roll in the circumferential direction toward the support arm section regardless of a
rotational position of the roll about the central axis of the hub main body.

12
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A rotary press device for manufacturing a roll bearing unit comprising a hub main body having an inner wheel
trajectory close to one side of the axial direction and formed on an outer circumferential surface of an intermediate
section of the hub main body in an axial direction, and an inner wheel having an inner wheel trajectory on an outer
circumferential surface of the inner wheel at the other side of the axial direction and that is fitted onto a portion of
the hub main body close to the other end in the axial direction, wherein a hub-side face spline serving as a concavo-
convex section is formed in a circumferential direction on the other end surface of a caulking section in the axial
direction by pressing the other end surface of the inner wheel in the axial direction and fixing the inner wheel to the
hub main body by using the caulking section formed by plastically deforming a cylindrical portion formed on the
other end portion of the hub main body in the axial direction outward in a radial direction, the rotary press device
comprising:

a roll rotatably supported about a central axis thereof which is inclined with respect to a central axis of the hub
main body, and

wherein the hub-side face spline is formed on the other end surface of the caulking section in the axial direction
by performing rotary forging that rotates the roll about the central axis of the hub main body in a state in which
a processing surface of the roll is pressed against the other end surface of the caulking section in the axial
direction, and

wherein the rotary press device further comprises a restriction section that restricts a motion of the roll around
the central axis of the roll against movement of the roll around the central axis of the hub main body during the
rotary forging.

The rotary press device according to claim 6,

wherein the restriction section comprises guide teeth serving as a concavo-convex section in the circumferential
direction surrounding the other end surface of the caulking section in the axial direction, and the guide teeth are
meshed with teeth formed on the processing surface of the roll.

The rotary press device according to claim 7,
wherein the guide teeth are displaceably supported in the axial direction in a state in which an elastic force is applied
toward the other side in the axial direction.

The rotary press device according to claim 6,

wherein the restriction section comprises an engaging pin formed in the radial direction of the hub main body on a
portion that is not rotated even during the rotary forging and an engaging concave section formed on an outer
circumferential surface of the roll, and during the rotary forging, the engaging pin and the engaging concave section
are engaged with each other on at least one position in the rotation direction of the roll about the central axis of the
hub main body without rattling in the rotation direction.

The rotary press device according to claim 6,

wherein the restriction section comprises a support arm section supported at a portion that is not rotated even during
the rotary forging and an elastic member installed between the support arm section and one position on the outer
circumferential surface of the roll in the circumferential direction, and the elastic member elastically pulls the one
place on the outer circumferential surface of the roll in the circumferential direction toward the support arm section
during the rotary forging regardless of a rotational position of the roll about the central axis of the hub main body.

A method of manufacturing a bearing unit comprising:
setting a bearing unit to a holder such that a central axis of an inner wheel coincides with a first axis;
relatively pressing a roll with respect to the inner wheel in a state in which a central axis of the roll having teeth
for processing a face spline is inclined with respect to the first axis; and
performing relative movement between the bearing unit and the roll in a state in which movement of the teeth
around the first axis is restricted in parallel with the relative pressing.

The method of manufacturing the bearing unit according to claim 11, further comprising:

preparing a mechanical restriction section with respect to the roll to restrict movement of the teeth around the
first axis.

The method of manufacturing the bearing unit according to claim 11 or 12, further comprising:
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preparing a restriction section having grooves corresponding to the teeth on the holder so as to face the teeth
of the roll.

The method of manufacturing the bearing unit according to any one of claims 11 to 13, further comprising:

preparing a restriction section having a first end continuous with a portion of an outer circumferential surface
of the roll and a second end continuous with a fixing section.

A rotary press device comprising:

a holder that holds a bearing unit such that a central axis of an inner wheel coincides with a first axis;

a roll having teeth for processing a face spline;

a first driving apparatus that performs relatively pressing the roll with respect to the inner wheel in a state in
which a central axis of the roll is inclined with respect to the first axis;

a second driving apparatus that performs relative movement between the bearing unit and the roll in parallel
with the relative pressing; and

a restriction section that restricts movement of the teeth around the first axis.

The rotary press device according to claim 15,
wherein the restriction section has a mechanical restriction section with respect to the roll.

The rotary press device according to claim 15 or 16,
wherein the restriction section has a restriction member that is disposed on the holder so as to face the teeth of the
roll and that has grooves corresponding to the teeth.

The rotary press device according to any one of claims 15 to 17,

wherein the restriction section has a restriction member having a first end continuous with a portion of an outer
circumferential surface of the roll and a second end continuous with a fixing section.

14
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